Erudite groups of people, scientists, planners, and policy-makers of different countries have come to realise that quality of environment is not necessarily a simple function of nature as in primitive earth. Today nature's self-regulatory functions are inoperative. All the developed and developing countries are deeply concerned to make balance between their environmental anxiety and their economic development. Dreadful environmental conditions are affecting the biological segment of the ecosystem of these areas. Human being, 'one of the most precious component in biosphere', have regular predicament situation with accretion of sullied air, water, and soil degradation. Though water and land pollution is extremely dangerous, air pollution has its own peculiarities, due to its trans-boundary dispersion of pollutants over the entire world. The effect of air pollution on health is very complex as there are many different sources and their individual effect varying from one to other. It is not only the ambient air quality in the cities but also the indoor air quality in the rural and urban areas that are causing concern.
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Introduction
The key objective of this research is to identify air pollutants and its concentration in Lucknow, the capital city of Uttar Pradesh, India. In doing so, it tries to evaluate the impact of air pollutants on human health as concentration show increasing trend in the city.
It remains well documented that rapid industrialisation, unplanned urbanisation, population and vehicular growth has brought environmental problem in both developing and developed countries. Air pollution is release or occurrence of any foreign material or gas into the atmosphere, which may be harmful to man, animals and vegetation, etc. (Narayan, 2009) . In 1996, World Health Organization defined air pollution as "substances put into the air by activity of mankind into concentrations sufficient to cause harmful effects to health, property, crop yield, or to interfere with the enjoyment of property". In general terms, air pollution may be defined as the disequilibrium condition of the air caused due to introduction of foreign elements from natural as well as anthropogenic sources to the air so that the air becomes injurious to biological communities in general and human community in particular. Major cities throughout the world have become over burdened with gases emitted by automobiles. The annual concentration of PM10 is maximum in Peshawar (540 ug/m 3 ) followed by Rawalpindi (448 ug/m (WHO, 2014a) . Globally, 12% of the population are exposed to annual mean levels of PM10 or PM2.5 complying with Air Quality Guideline (AQG) levels. Annual PM10 levels increase by 6% during 2009 to 2012 in world cities (WHO, 2014b) . More than 5.5 million people worldwide die prematurely every year due to household and outdoor air pollution and India and China together account for 55% of these deaths, which was 1.6 million and 1.4 million respectively in 2013 (Indo-Asian News Service, 2016) . The death rate from automobile pollution is increasing rapidly in metropolitan areas. The world leaders at Conference of the Parties 21 (COP 21) held in Paris in 2015 recognised air pollution as a global problem and needs reduction in level (Ilyas, 2010) . Indian cities like Mumbai, Kolkata, Delhi, Chennai and Bangalore have evidenced vehicles spewing daily more than 1000,000 kilograms of smoke into the air (Kumar, 2007) . The status of ambient air in 35 metro-cities of India shows steady increase in emission of particulate matter (PM), sulphur-dioxide and nitrogendioxide from transport, industry and energy sectors. The particulate matters are five times more than the safety limits, nearly 52% of the cities are at critical PM10 level (equal or more than 1.5 times limit) (CPCB,2010 ) .
Against these backdrops and as stated above, this research aims to identify air pollutants and its concentration in Lucknow city. Alongside, it also tries to evaluate the impact of air pollutants on human health as concentration show increasing trend in the city is 204 μg/m 3 , whereas, RSPM level is 156 μg/m 3 in Agra followed by Faridabad (164 μg/m 3 ), Patna (165 μg/m 3 ), Meerut (170 μg/m 3 ) etc. The NOx level in Lucknow city is also high with 34 μg/m 3 in comparison to other metro-cities like Agra (11 μg/m 3 ), Varanasi (20 μg/m 3 ), Mumbai (21 μg/m 3 ), Allahabad (24 μg/m 3 ), Faridabad (30 μg/m 3 ), Ludhiana (32 μg/m 3 ) etc. (CPCB, 2010) . This shows that air quality status in Lucknow city particularly in central and southern part is highly polluted (Verma, 2004) .
The effect of air pollution on health is very complex as there are different sources and their individual effects vary from one to another. The World Health Organization declared air pollution as human carcinogen like tobacco smoke, asbestos and arsenic, calling it a leading cause of cancer deaths globally (Los Angeles Times, 201 3 ). More than 1,000 million city dwellers of the world are exposed to high level of air pollutants, associated with respiratory disease, cause of high mortality rate (Pandey, 1997) . About 60% of air pollution in all major cities is caused by automobiles only. The effect of these pollutants is observed at acute level on sensitive species, both plants and animals. Acute and chronic symptoms are observed to support the investigation regarding accumulation of pollutants (Horaginamani, 2010) . Prevalence of bronchitis, cough, sore throat, eye irritation and general ill health in United States are due to increase in level of air pollution (Becker, 1968) . Studies reveal that air pollution is positively associated with death from lung cancer and cardiopulmonary disease (Dockery, 1993) . About 29,000 people die annually from exposure to particulate matter. That number rises to 40,000 when other pollutants, such as nitrogen dioxide, are considered. WHO estimates that 3.7 million people die annually from ambient air pollution, again most of whom (2.6 million) live in Asia (Royal College of Physicians, 2016).
The critical view of the report by Royal College of Physicians, "Every breath we take: the lifelong impact of air pollution" by Lancet editorial writes that this is an important statement of evidence and intent. But this effort might not be enough to make much difference. Therefore, it is an ardent need to research on magnitudes of air pollution in different parts of the world (here, the case of Lucknow city) (The Lancet Editorial, 2016).
India faces an unprecedented public health crisis arising from air pollution as reported by Centre for Science and Environment's (CSE) and Global Burden of Disease. About 6,20,000 premature deaths have occurred from airborne diseases due to burning of fuel wood and biomass, fuel adulteration, vehicle emission and traffic congestion. Air pollution is the fifth leading cause of death in India after high blood pressure, indoor air pollution, tobacco smoking and poor nutrition (The Times of India, 2013b). After WHO classified pollution as carcinogenic to humans, it was reported that around 20% of lung cancer patients in Hyderabad city have eventually died due to exposure to high level of air pollution (IEA, 2012) . Central Pollution Control Board reported an increase in carcinogenic agents like benzene and ozone during summers in cities because of turbulence which mixes and enhances the dispersion of pollutants (The Times of India, 2013a). In Chennai, alarmingly prevalence of respiratory problems is due to automobile emissions. Episodes of difficulty in breathing are triggered by allergens, infections and environmental pollutants.
Large chunk of patients with asthma and bronchitis also suffer from dust allergy (Sampath, 201 3 ). More than 10,000 premature deaths have occurred in Kolkata due to increase in SPM level. SPM concentration of ambient air varies from 227.1 μg/m 3 to 397 μg/m 3 with mean concentration of 310 μg/m 3 (Ghose, 2005) . According to Ministry of Health and Family Welfare (2009), 1,500,000 patients are registered for TB treatment in India, of which 2, 77,000 are alone from Uttar Pradesh, while it was 6,734 in Lucknow city. Number of TB patients continuously increases (172%) from 2265 (2001) to 6177 (2011) with decadal growth of 172% (Central Bureau of Health Intelligence, 2012). Therefore, it is important to investigate the status of air quality and its impact on health in Lucknow city. The present research work is structured to evaluate the state of environment in Lucknow city, assess the concentration of pollutants in different parts of city during pre and post monsoon period because pollutants in ambient air are controlled by climatic elements such as speed and direction of wind, relative humidity, and temperature (Jayamurugan, 201 3 ). The study also determines the effect of poor air quality through a perspective study to specify appropriate mitigative measures for Lucknow city.
The research begins with a description of the study area followed by a discussion of the methodological issues involved. Following this, it discusses the air quality of the city in the pre monsoon and post monsoon period. Finally, it discusses the impact of air pollution on health consequences.
Study Area
Lucknow, the 'City of Gardens', is located in Middle Gangetic Plain, from 26º30' to 27º10' latitude and 80º13' to 80º30' longitudes ( Fig.1 ).
It enjoys subtropical climate with cool dry winter (December -February) and summer (March -June). The average temperature is about 45ºC in summer and 30ºC in winter, with annual rainfall of about 100 cm (Meteorological Centre, 2010) .
The total population of Lucknow city is 2,815,601 persons and the geographical area is reported to be 310.10 sq. Km (Census of India, 2011). Lucknow Municipal Corporation (LMC) has been divided into 110 wards and 6 zones for administrative purposes. The city witnessed about 162% increase in urban area from 1981 to 2011. The ever increasing population and rapid pace of urbanisation have created a number of problems such as shortage of dwelling units, mushrooming growth of slums, encroachment of public land and expansion of unauthorised colonies (Government of India, 2002).
Methodology
The monitoring stations are selected on the basis of their locations and on earlier studies (Berman, 2010; Shukla, 2010 etc.) . Further, to assess the ambient air quality status in Lucknow city during pre and post period, air pollutants namely Respirable Particulate Matter (RSPM or PM10), Suspended Particulate Matter (PM2.5), Sulphur dioxide (SO2), Oxides of Nitrogen Oxide (NOx) and Carbon monoxide (CO) are monitored and categorised from residential, commercial and industrial areas. For this purpose, 14 sample stations namely-Vikas Nagar, Indira Nagar, Aliganj, Mahanagar, Gomti Nagar (residential area); Chowk, Hazaratganj, Sarai Mali K., Aminabad, Hussainganj, Charbagh, Alambagh (commercial area); Talkatora and Amausi (industrial area) are selected. The concentration of pollutants is low during rainy season (July to October) due to speed of wind and process of dispersion. During rainy season, Lucknow city receives 200 mm of rainfall, as a result the concentration of air pollutants are lowest during this period. During November to February (post-monsoon period) the concentration of gaseous pollutants like SO2 and NOx remain very high due to calm weather condition and less dispersion, whereas, in the month of March and upto monsoon arrival, concentration of particulates and gaseous pollutants higher because of turbulence which mixes and enhances the dispersion of pollutants (Narayan, 2009) . Therefore, present study considers pre-and post-monsoonal change in concentration of pollutants.
To study prevailing environmental problems and health consequences related to deteriorating air quality in Lucknow city, 800 respondents belonging to different crosssections of the community were intensively interviewed and information thus obtained were tabulated and scientifically analysed using correlation and regression to find out the relationship between air pollutants and diseases occurring.
Air Quality in Lucknow city
Pre-Monsoon Table 1 depicts concentration of air pollutants during pre and post-monsoon period in Lucknow City from 2008-2011. Maximum 24 hours mean concentration of RSPM was observed in Indira Nagar (200.8 μg/m 3 ) which is a residential area followed by Alambagh (227.28 μg/m 3 ), a commercial area. It was observed that PM10 values are above the permissible limit (100 μg/m 3 for industrial, residential, rural and other area respectively) as prescribed by National Ambient Air Quality Standard (NAAQS). This may be due to huge traffic load, congestion at major bus and railway stations, at commercial centres etc. causing high concentration of air pollutants both during day time and night time. It was also found that Indiranagar has high concentration of air pollutants because of spurt in construction activities, decline in number of trees and increased vehicular traffic density.
Concentration of fine particulate matters was observed maximum in Indira Nagar (339.65 μg/m 3 ) which is a newly developed residential cum commercial area. As a result, high concentration of SPM level has been observed due to mix functional characteristics. SPM concentration is high (410.0 μg/m 3 ) also in Charbagh probably because of being a commercial centre and also due to heavy influx of automobiles and people during working hours (Table 1) (Table 1) Thus, it is quite vibrant from the above discussion that concentration of pollutants shows wide variation within the city. It has emerged from the study that concentration of pollutants are high in the central part of Lucknow city when compared to the south and north-east (except Indira Nagar) due to high population and vehicular concentration, varied commercial and industrial activities (small scale).
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Post-monsoon period mean concentration of RSPM was high in Mahanagar (170.02 μg/m 3 ) located in residential area and Alambagh (194.58 μg/m 3 ) in commercial area. All the values of PM10 are well above the prescribed National Ambient Air Quality Standard (NAAQS) of 100 μg/m 3 for industrial, residential and commercial areas ( Postmon.
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Air Pollution and Health Consequences
To know the major sources of air pollutants in Lucknow city a perception study was conducted to assess the opinion of respondents according to their educational level towards deteriorating air quality and its impact on health in Lucknow city. 800 respondents were interviewed among which 23.5% (188) are illiterates and 76.5% (612) are literates. It is interesting to note that out of the total respondents, 52% mentioned that automobile is the major source of air pollution followed by industries (30.5%) and indoor air or domestic pollutants (1.5%).
To assess the effect of air pollutants, respondents according to their age-group were asked a question "How did air pollution affect you and your family during the last one year?" Table 2 reveals that 79% respondents considered air pollution as one of the major reasons for their poor health conditions, due to prevalence of respiratory problems, suffocation, eye irritation, skin problems, etc. followed by airborne diseases like asthma, bronchitis, TB, lung cancer (13.5%). About 7.5% did not respond to the question. It is quite obvious that the respondents (55.55%) in the age-group of 31-60 who have to travel by bus through crowded areas for their job are more affected by outdoor air pollution. About 31% of respondents belonging to age-group 31-60 suffer from chronic health problems (asthma, diabetes, cancer etc.) and 42.85% suffer from smoke or dust. The reason may be due to their occupation, travel duration or location of their residence.
Further, to perceive the response regarding the effect of outdoor air pollution, a question was asked to the respondents according to their occupational structure, "Mention the health problems that you faced during the last two years due to outdoor air pollution". Table 3 reveals that 44.5% suffer from respiratory problems followed by suffocation (20.5%), eye irritation (19.5%) and skin problems (5%). About 10.5% of the respondents particularly agricultural labourers and farmers mentioned that they are not affected by outdoor air pollution, maybe due to their occupation. About 58% of the respondents engaged in business reported to suffer from suffocation due to their long stay in congested commercial areas, followed by industrial workers (14.63%) affected from industrial effluents and others (24.39%). Similarly, respondents engaged in government service and businesses (31.46%, 34.83% respectively) also suffer from respiratory problems. About 70% agricultural labourers have skin problems due to heavy use of pesticides, urea, etc. 
Incidence of Air-borne diseases
The health effects due to deteriorating air quality came under public and scientific scrutiny as early as the 1930s, following several incidents of mortality due to air pollution. Several epidemiological studies have demonstrated a clear link between respiratory diseases and the levels of particulate in air pollution. Premature death due to SPM is reported to be very high and the worst effected groups of children are in Kolkata (Ghose, 2005) . Gaseous pollutants are related with respiratory diseases and reproductive and developmental effect (Barman, 2010) . Perfect solutions to the problem of airborne disease transmission do not yet exist, but the available technologiesoutside purge air, filtration etc. can be successfully implemented when their characteristic effects are understood and the goals clearly defined (Kowalski, 1998) .
Therefore, it is important to analyse the perception of the respondents regarding airborne diseases and their occurrence. Table 4 shows the responses to the question, "Incidence of Air-borne diseases among respondents". It is reported that maximum number of respondents are suffering from incidences of high blood pressure (47.1%) due to elevated levels of Carboxyl Haemoglobin in blood, followed by eye infection and irritation (30.6%) due to exhaust emission from the automobiles etc.
Respiratory problems, particularly viral respiratory infections are most frequently occurring due to high concentration of airborne allergens such as aerosol, SPM, RSPM, NO2, SO2 etc. In the congested and older part of the city, poor ventilation in dwellings and concentration of industrial activities near industrial units reported high occurrence of respiratory problem (Table 4) .
In order to evaluate the occurrence of air-borne diseases in six different zones within Lucknow city, responses to the question, "prevalence of air-borne diseases among respondents in different zones" was evaluated. It is witnessed that due to heavy traffic congestion and commercial activities, the incidence of asthma is highest in Zone II (26.4%) followed by Zone I (23.9%) (Table 5 ). Further, the zones which are also located in the outer part of the city in Zone III, Zone IV, Zone V and Zone VI have reported less incidence of asthma, for example, 19.5%, 17.6%, 5.0% and 7.5% respectively. The RSPM level ranges between 136.8 to 244.8 μg/m 3 in the residential areas, whereas, in commercial areas it is 183.9 to 252.9 μg/m 3 . The respondents are also suffering from bronchitis, tuberculosis, eye infection and congenial heart diseases, which are possibly due to high prevalence of sulphur dioxide and nitrogen dioxide causing inflammation of the bronchi (lungs) etc. Further, concentration of gases, particulate matters, aerosol etc. endorses the rate of these diseases. For the assessment of air-borne diseases like Asthma, Bronchitis, TB, Lung Cancer, Eye Infection, Congenial Heart on air quality, different air pollutants like RSPM, SPM, SO2, CO and NOx are also correlated to find out the relationship between deteriorating air quality and increasing rate of air-borne diseases. It is observed from Table 6 that there exists a positive correlation between the two.
The SPM level is significantly and positively correlated with air-borne diseases like Asthma, Bronchitis, Congenial Heart, Eye Infection and Lung Cancer etc. RSPM is also observed positive and significantly correlated with Asthma, Bronchitis, Congenial Heart, Eye Infection, Lung Cancer and TB, whereas, SO2 is moderately correlated with air-borne diseases. NOx and CO are not significantly correlated with air-borne diseases.
The regression analysis postulates that dependent variable (disease) is linearly related to series of independent variables (air pollutant) implying occurrence of airborne diseases due to increase in particulate matters (SPM and RSPM) in ambient air. The tabulated values of 't' (2.881) at 1%, 2% and at 5% 'levels of significance' for 4 degree of freedom (n-2, where n is 6) 4.60, 3.75, and 2.78 respectively. It is obvious that our calculated value is significant only at 5% level of significance. Thus the existence of a causal relationship is supported by the data also.
SPM Vs Asthma
RSPM Vs Asthma
The coefficient of determination is .733; therefore, about 73.3% of the variation in the Asthma is explained by RSPM. The regression equation appears to be very useful for making predictions since the value of R 2 is closer to 1 rather than 0. In the column B, the constant represents the y-intercept and the SPM represents our slope. The equation of the line found from the output is Y (Asthma) = -64.496+ 0.538 (RSPM)
Analysed data shows that if the level of RSPM goes up by 1 μg/m 3 , then we predict that the cases of Asthma will increase about 0.538, whereas, if the levels of RSPM will be 0 μg/m 3 -64.496. The tabulated values of 't' (3.318) at 1%, 2% and at 5% 'levels of significance' for 4 degree of freedom (n-2, where n is 6) 4.60, 3.75, and 2.78 respectively. It is obvious that our calculated value is significant only at 5% level of significance. Thus, the existence of a causal relationship is supported by the data too. Source: ??
SPM Vs Bronchitis
The model summary contains the essential information revealing how well our regression model fit (or did not fit) the observed data. We see that R is equal to .839. Since this is a simple linear regression (i.e., we have only a single predictor), R is actually equal to the Pearson Product-Moment correlation coefficient between X and Y. R Square in the model summary is computed as R to the power of 2. That is, it is equal to (.839)2. This is equal to 0.703. This expresses the proportion of variance in Y that is "explained" or "accounted for" by knowledge of X. For our data, this means that approximately 70.3% of the variance in Y can be accounted for by knowledge of X.
First, we interpret the constant. It is equal to -37.556. This means that the least-squares line touches the ordinate axis at a value of Y = -37.556. Equally, it is also the predicted value for Y when X = 0. Hence, Y = -37.556+ .113(SPM) For our data, this means that if SPM is equal to 0 (i.e., X = 0), then the expected or predicted value for Bronchitis is -37.556 (i.e., Y' = -37.556). The values obtained for't' is 3.080, which is significant only at 5% level of significance.
RSPM Vs Bronchitis
Study results that correlation between RSPM and Bronchitis is highly correlated with each other (.896). R Square is computed as R to the power of 2 that is 0.803; therefore, about 80.3 % of the variation in the Bronchitis is explained by RSPM. The regression equation appears to be very useful for making predictions since the value of R 2 is closer to 1 rather than 0. In the column B, the constant represents the yintercept and the RSPM represents our slope. The tabulated values of 't' (4.041) at 1%, 2% and at 5% levels of significance for 4 degree of freedom (n-2, where n is 6) 4.60, 3.75, and 2.78 respectively. It is obvious that our calculated value is significant only at 5% and 2% level of significance. So we can say that the variable y (Bronchitis) is associated significantly with RSPM.
RSPM Vs Eye Infection
The summary of the linear regression reflects that there is a high positive correlation (.829) between RSPM and eye infection among the respondents. R 2 value is found to be moderate (.688), which reflects that about 68.8 % of the variation in the eye infection is explained by RSPM. Constant represents the y-intercept and the RSPM represents our slope. The equation of the line found from the output is Y (Eye Infection) = -31.294+ 0. .426 (RSPM)
Value of't' (2.969) is significant at the 5% level of significance.
SPM Vs Congested Heart
Study results that correlation between RSPM and congested heart problem is also highly correlated with each other (.859). R Square is computed as R to the power of 2 that is 0.737; therefore, about 73.7 % of the variation in the occurrence of congested heart is explained by RSPM. The equation of the line found from the output is Y (Bronchitis) The tabulated values of 't' (4.041) is significant at the 5% levels of Significance for 4 degree of freedom (n-2, where n is 6).
The regression analyses produce strong and consistent evidence that a link exists between ambient air pollution and health. There is associations (positive regression coefficients) do occur. The association between dependent variables (health problems) and independent variables (Air Pollutants) is strong and positive.
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Conclusion
The paper presented a health oriented model for the purpose of determining problematic condition of the Lucknow city regarding air quality and its consequences on health. Using air quality data and correlating it with health problems, shows that poor health condition is associated with the low quality of air. The prevalence of airborne diseases varies according to age and occupation of the people engaged. From an environmental justice perspective, remedial action should be delivered through public health, environmental and social policy, and local planning processes.
